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Abstract: Sinanodonta woodiana (Lea, 1834) is a large Unionid species with a real invasion
success. It colonized Europe, Central America, the Indonesian Islands and recently North
America. The species life cycle involves a larval parasitic stage on freshwater fish species
which contributes to the spread of the mussel. In this paper we describe, for the first time,
eight polymorphic microsatellite loci for the species Sinanodonta woodiana. The genetic
screening of individuals confirmed that all loci were highly polymorphic. The number of
alleles per locus ranged from 7 to 14 and the observed heterozygosity ranged from 0.650 to
0.950. These loci should prove useful to study the species population genetics which could
help to infer important aspects of the invasion process.
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1. Introduction

The freshwater mussel Sinanodonta woodiana (Lea, 1834) (Chinese Huge Mussel or Swan Mussel)
is one of the largest Unionid species present in the European Fauna. The species is native to South
Eastern Asia, specifically Indochina and Southern China to Korea, Japan, Taiwan and the Amur Basin
in Eastern Russia [1].

The life cycle of Sinanodonta woodiana includes a parasitic larval stage—glochidium—which lives
for a short time attached to freshwater fish species. The attached glochidia obtain nourishment from
their host [2], but the relationship is more phoretic than nutritive [3].

Across Europe, the spread of the swan mussel was correlated with the introduction in the
aquaculture of the East Asian cyprinids species (Ctenopharyngodon idella, Hypophthalmichthys
molitrix) from the Amur River, between 1963—1965 [4,5]. Exports of the host fish species between
different countries and regions helped the mussel to penetrate new environments. Physiological,
ecological and biological peculiarities of the species offer it some advantages compared with the native
unionid species and can explain its invasive success. S. woodiana has a particular physiological
predisposition, associated with cholinesterase enzyme activity, to tolerate a variety of unsuitable
environmental conditions, like pollution and hypoxia, in comparison with the autochthonous species [6].
This is the main cause that allowed the species to colonize Europe in less than 20 years. The expansion
of S. woodiana is well documented in Europe [5,7-9], Central America [1], Indonesian Islands [10]
and recently in North America [11]. In Romania, S. woodiana has spread in almost all important
aquatic basins [7,12], and it became the prevalent species in the Unionidae communities in terms of
biomass, especially in the lower flow of aquatic basins. Studies concerning the population genetics of
S. woodiana are limited to alozymes analysis of several populations in Poland [13]. No other data are
available in the literature about the genetic diversity of S. woodiana populations in the native or
invaded areas.

Population genetic studies could help to infer important aspects of the invasion process of the
species, like the route(s) of invasion, the time and number of colonization events, etc., and DNA
microsatellite markers are one of the most useful tools to investigate these processes. In this paper we
describe, for the first time, eight polymorphic microsatellite loci for the species Sinanodonta woodiana.

2. Results and Discussion

We selected 95 positive clones (that generated two bands on an agarose gel) by screening the
microsatellite enriched genomic library. These were further sequenced using the LICOR 4300L
Genetic Analyzer. All of the sequenced clones contained repetitive motifs, but only 30 of the
sequenced clones were suitable for primer design. Eight out of 30 primer pairs gave consistent
amplification and were subsequently used for polymorphism screening (Table 1). We tested the degree
of polymorphism of the isolated loci in 20 individuals of Sinanodonta woodiana collected from the
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Prut River, at Vadeni, Romania. The number of alleles per locus ranged from 7 to 14 and the observed
heterozygosity ranged from 0.650 to 0.950 (Table 2). All loci exhibited Hardy-Weinberg equilibrium
and no linkage disequilibrium was observed between the markers. The results of the Micro-Checker
testing showed no evidence for an excess of homozygotes, or for the presence of null alleles.

The loci described here are important molecular markers that may solve several issues regarding the
invasive process of this species, like determining the source populations of invasive species, ways of
introduction, initial size of invasive population, sustainability and variability of populations of
S. woodiana.

Table 1. Primer sequences and characteristics of eight microsatellite loci successfully
amplified in Sinanodonta woodiana. Ta, annealing temperature; [MgCl,], MgCl
concentration in the PCR reaction; Size, size range of alleles.

Genebank Repeat

Marker Accession number  motif Primer sequence Ta [MgClL] Size

SW2 IN180655 cA  [rcasaaatgaaccggacacet o o ys qgy
R: cccaaactcgttttcattgg

SW3 IN180656 AT [rteasactgglglecaatcea o) o yg gy
R: ctcccgaaagagcacaacat

SW4 IN180657 TG L-agegeaattaccaglggtt o 55 515 59
R: ttgattgcgatgactggaaa

SW7 IN180658 cA  [rotgccacactgeagatattgt o o g5 oag
R: aacacgttcgaaatccgagt

SW13 IN180659 AC  [iceccatgleaaaatcaaag oo ) o 535 5eq
R: gccacaagcatgagatgtgt

SW14 IN180660 TG [-eceslgligleaaaggaaat oo, o 0g 55y
R: tttttctggegactttccac

SWI5 IN180661 cA  [raaccgacaagiecttgeaata i, o0 500 40
R:cagctgagtcgattaggacaga

SW18 IN180662 GTTT | etaacglciegiegggteat 25 142-220

R: geeteggtgctagacatcac

Table 2. Variation across 8 microsatellite loci in a population of 20 Sinanodonta woodiana
individuals. N,: number of alleles; Hg,: observed heterozygosity; He.p: expected
heterozygosity; HWE-p: p- value of chi square test for Hardy-Weinberg equilibrium.

Marker N. Hps Hexp HWE-p

SW2 14 0.950 0.874 0.245
SW3 8 0.650 0.710 0.338
SwW4 7 0.700 0.765 0.104
SW7 8 0.750 0.791 0.523
SW13 11 0.800 0.841 0.248
SW14 11 0.900 0.864 0.810
SW15 10 0.900 0.859 0.273

SW18 9 0.950 0.849 0.176
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3. Experimental Section

The microsatellite loci were developed using a modified enrichment protocol [14,15] which was
also used to isolate DNA markers for Hypanis colorata [16]. Samples of Sinanodonta woodiana were
collected in 2010 from the Prut River at Vadeni, Romania (46°03°48.44°N, 28°05°16.54”E) and tissue
samples were preserved in 95% ethanol.

The PCR primers for each microsatellite locus were designed with the Primer3 program [17]. The
PCR genotyping reaction was performed in a 10 pL total volume containing about 50 ng of DNA
template, 10 mM Tris-HCI (pH 8.8 at 25 °C), 50 mM KCl, 0.08% (v/v) Nonidet P40, 2.5 mM MgCl,,
(see Table 1 for details for each locus), each ANTP at 0.1 mM, each primer at 0.1 pM, 0.02 puM of
IRD700 or IRD800 labeled M13 primer and 0.5 units of Taq DNA polymerase (Fermentas UAB,
Vilnius, Lithuania). The temperature profile of the PCR reaction consisted of an initial denaturation
step at 95 °C for 3 min followed by 30 cycles of denaturation at 95 °C for 30 s, annealing at a specific
temperature for each locus (see Table 1 for details for each locus) for 30 s and extension at 72 °C for
45 s, followed by a final extension step at 72 °C for 5 min. The genotyping process was performed
using SagaGT ver. 3.1 software package.

GenAlEx 6.4 [18] was used to estimate the number of alleles per locus (N,), observed
heterozygosity (Hos) and expected heterozygosity (Hep). Deviation from the Hardy-Weinberg
equilibrium (HWE) was tested using the same software package. The presence of null alleles was tested
using Micro-Checker (ver. 2.2.3) [19] while linkage disequilibrium test was carried out using Arlequin
ver. 3.1 [20].

4. Conclusions

In the present study we described eight polymorphic microsatellite loci for the highly invasive
Asian mussel Sinanodonta woodiana. These loci would be useful to determine the source populations
of this invasive species, potential ways of introduction, the number of colonization events, initial size
of the established population and variability of populations of S. woodiana in native and invaded areas.
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